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+\EULGPHPEUDQHFU\RJHQLFSURFHVVIRUSRVWFRPEXVWLRQ&RFDSWXUH
%%HODLVVDRXL</H0RXOOHF':LOOVRQ()DYUH
1DQF\8QLYHUVLWp)UDQFH(')5	'&KDWRX)UDQFH6WDQEULGJH&DSLWDO86$
5HGXFLQJWKHHQHUJ\UHTXLUHPHQWIRUWKHFDSWXUHVWHSLVWKHPDLQFKDOOHQJHLQ3RVW&RPEXVWLRQ
&DUERQ&DSWXUHDQG6WRUDJH&&6WHFKQRORJ\,QWKLVVWUDWHJ\WKHWDUJHWRIFDSWXUHUDWLR
DQG&2SXULW\DUHWKHPDLQFRQVWUDLQWVWREHVDWLVILHG
$PRQJ WKH GLIIHUHQW FDUERQ FDSWXUH SURFHVVHV WKH PHPEUDQH DQG FU\RJHQLF VHSDUDWLRQ
SURFHVVHV VKRZ D VWURQJ VHQVLWLYLW\ WRZDUGV&2 FRQWHQW LQ WKH IOXH JDV WR EH WUHDWHG0RUH
VSHFLILFDOO\ PHPEUDQH VHSDUDWLRQ KDV EHHQ VKRZQ WR RIIHU DWWUDFWLYH SHUIRUPDQFH ZKHQ D
PRGHUDWHSXULW\ LQ WKHSHUPHDWH LVGHVLUHG >@0RUHRYHU WKH UHTXLUHGHQHUJ\ IRUFU\RJHQLF
VHSDUDWLRQ LV NQRZQ WR EH YHU\ FRPSHWLWLYH RQFH D FRQFHQWUDWHG &2 IOXH JDV LV WUHDWHG
DSSUR[LPDWHO\ !  >@ 7KLV VXJJHVWV WKDW WKHLU FRPELQDWLRQ FRXOG OHDG WR D PLQLPDO
RYHUDOO UHTXLUHPHQW  7KLV VWUDWHJ\ KDV EHHQ DOUHDG\ LQYHVWLJDWHG IRU DUJRQ SURGXFWLRQ >@
K\GURJHQ SXULILFDWLRQ >@ DQG DLU VHSDUDWLRQ >@ EXW WR RXU NQRZOHGJH QR UHVHDUFK KDV
FRQVLGHUHGWKLVFRQFHSWIRUFDUERQFDSWXUHIUDPHZRUN

7KLV ZRUN DLPV WKURXJK D VLPXODWLRQ VWXG\ WR HYDOXDWH WKH SRWHQWLDO RI D K\EULG SURFHVV
FRPELQLQJPHPEUDQHDQGFU\RJHQLFVHSDUDWLRQWRDFKLHYHHIILFLHQW&DUERQFDSWXUH
)LJXUHSURYLGHVDGHWDLOHGIORZVKHHWRIWKHSURFHVVFDVHRIIHHGFRPSUHVVLRQVWUDWHJ\




)LJXUH$GHWDLOHGGLDJUDPRIWKHLQYHVWLJDWHGK\EULGSURFHVV

7KHLQOHWIHHGJDVVWUHDPDVVXPHGWREHDGU\ELQDU\PL[WXUH&21DWWHPSHUDWXUHRI&
DQG XQGHU DWPRVSKHULF SUHVVXUH LV ILUVW VHSDUDWHG E\ D PHPEUDQH XQLW WR SURGXFH D PRUH
FRQFHQWUDWHG&2SXULW\JDVVWUHDPRQWKHORZSUHVVXUHSHUPHDWHVLGH$&2FDSWXUHUDWLR
5RILVLPSRVHGIRUWKHVLPXODWLRQRIWKHPHPEUDQHXQLW
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6HFRQG WKH FRQFHQWUDWHG &2 JDV VWUHDP LV VHQW WR D FU\RJHQLF VHSDUDWLRQ XQLW EDVHG RQ
PXOWLVWDJH FRPSUHVVRUV LQ RUGHU WR DFKLHYH D &2 FRQFHQWUDWLRQ WR WKH GHVLUHG SXULW\ 7KH
WDUJHWVLPSRVHGLQWKHFU\RJHQLFXQLWDUH&2SXULW\[RXWKLJKHUWKDQDQGD&2UHFRYHU\
UDWLR 5DERYH7KH LQWHUPHGLDWH&2PROH IUDFWLRQQRWHG[¶EHLQJ WKHNH\YDULDEOH WR
RSWLPLVHLQRUGHUWRPLQLPLVHWKHRYHUDOOHQHUJ\UHTXLUHPHQWRIWKHK\EULGSURFHVV

7KHRYHUDOOHQHUJ\UHTXLUHPHQWRIWKHK\EULGSURFHVVGHILQHGDVWKHVXPRIWKHHQHUJ\RIWKH
PHPEUDQHXQLW(DQGWKHFU\RJHQLFXQLW(KDVEHHQHYDOXDWHG
$QLOOXVWUDWLYHH[DPSOHRIUHVXOWVLVJLYHQLQILJXUHIRUVDNHRIK\EULGFRQFHSWYDOLGDWLRQ
7KHSURFHVV LV VLPXODWHG IRU D SRZHU SODQW IOXH JDV FRQWDLQLQJ &2  [LQ   ZLWK D
PHPEUDQHXQLWXVLQJIHHGFRPSUHVVLRQVWUDWHJ\ZLWKDQ(QHUJ\5HFRYHU\6\VWHP(56XVLQJ
7XUER([SDQGHURQWKHUHWHQWDWHKLJKSUHVVXUHVLGH7KHPHPEUDQHVHOHFWLYLW\&21LVIL[HG
DWα 











    
(
*-
WKW
RQ
RI
UH
FR
YH
UHG
&2

,QWHUPHGLDWH&2 PROHIUDFWLRQ[

(0HPEUDQHXQLW
(&U\RJHQLFXQLW
(+\EULGSURFHVV
$OO&U\RJHQ\
)HHGFRPSUHVVLRQZLWK(56
α [LQ 
6WDQGDUG0($DEVRUSWLRQFRPSUHVVLRQ

)LJXUH&2VSHFLILFHQHUJ\UHTXLUHPHQWRIWKHK\EULGSURFHVVDVDIXQFWLRQRILQWHUPHGLDWH
&2 PROH IUDFWLRQ [¶ SHUPHDWH FRPSRVLWLRQ [LQ  α  ZLWK IHHG FRPSUHVVLRQ  (56
VWUDWHJ\

7KH HQHUJ\ UHTXLUHPHQW RI VWDQGDORQH FU\RJHQLF SURFHVV DQG WKH UHIHUHQFH WHFKQRORJ\
QDPHO\VWDQGDUG0($DEVRUSWLRQDUHDOVRUHSRUWHGIRUVDNHRIFRPSDULVRQ,QWKLVILJXUHLWFDQ
EHVHHQWKDWWKHK\EULGSURFHVVVLJQLILFDQWO\GHFUHDVHVWKHHQHUJ\UHTXLUHPHQWFRPSDUHGWRWKH
VWDQGDORQHFU\RJHQLFRSWLRQ

0RUHRYHUXQGHURSWLPDOFRQGLWLRQVLHIRU[¶DSSUR[LPDWHO\UDQJLQJEHWZHHQDQGWKH
HQHUJ\UHTXLUHPHQWLVFRPSHWLWLYHZLWK0($DEVRUSWLRQFRPSUHVVLRQSURFHVV7KLVSDUWLFXODUO\
DSSOLHVIRUD&2FRQWHQWRIZKLFKLVWKHPDLQWDUJHWRIFDUERQFDSWXUHVWXGLHV
)XUWKHUPRUHDQG LQRUGHU WRH[SORUHWKHSRWHQWLDO LQWHUHVWRI LPSURYHGPHPEUDQHPDWHULDOVRQ
WKH HQHUJ\ UHTXLUHPHQW RI WKH K\EULG SURFHVV D K\SRWKHWLFDO PHPEUDQH VKRZLQJ D &21
VHOHFWLYLW\RIDQGDYDLODEOHPHPEUDQHVHOHFWLYLW\RIKDVEHHQVLPXODWHGIRUWKLVSXUSRVH
0RUHRYHU WZR FRPSUHVVLRQ VWUDWHJLHV L 9DFXXP3XPSLQJ DQG LL )HHG&RPSUHVVLRQZLWK
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(QHUJ\ 5HFRYHU\ 6\VWHP KDYH EHHQ LQYHVWLJDWHG DQG WKH FRUUHVSRQGLQJ RYHUDOO SURFHVV
SHUIRUPDQFHVHYDOXDWHGDQGFRPSDUHG
7KH UHVXOWV LQ WHUP RI HQHUJ\ UHTXLUHPHQW DQG PHPEUDQH VXUIDFH DUHD DUH SUHVHQWHG
UHSHFWLYHO\LQILJXUHDQGDVDIXQFWLRQRIWKHIHHGPL[WXUH&2FRQWHQW[LQ

)LUVWLWFDQEHVHHQWKDWWKHPLQLPXPHQHUJ\UHTXLUHPHQWGHFUHDVHVDVH[SHFWHGZKHQ&2
LQOHW FRQWHQW [LQ LQFUHDVHV DQG DOVR ZKHQ PHPEUDQH VHOHFWLYLW\ LQFUHDVHV 6HFRQG ILJXUH 
VKRZVWKDWWKHPLQLPXPHQHUJ\FRQVXPSWLRQRIWKHK\EULGSURFHVVLVYHU\VOLJKWO\LQIOXHQFHGE\
PHPEUDQHVHOHFWLYLW\RU7KLVHIIHFWLVPRUHLPSRUWDQWIRUORZPROHIUDFWLRQLQWKHIHHG
W\SLFDOO\[LQ 

0RUHRYHU WKH GLIIHUHQFHV EHWZHHQ WKH FRPSUHVVLRQ VWUDWHJLHV LV PRUH VLJQLILFDQW ZLWK WKH
GHFUHDVHRI[LQ)XUWKHUPRUHWKHIHHGFRPSUHVVLRQZLWKWXUERH[SDQGHUDQGSHUPHDWHYDFXXP
VWUDWJLHVKDYHJHQHUDOO\VLPLODUYDOXHVZLWKWKHSHPHDWHYDFXXPHQHUJ\EHLQJVOLJKWO\ORZHU
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,QOHW&2 PROHIUDFWLRQ[LQ
9DFXXP3XPSLQJ93DOSKD 
)HHGFRPSUHVVLRQ)&(56DOSKD 
9DFXXPSXPSLQJ93DOSKD 
)HHGFRPSUHVLRQ)&(56DOSKD 


)LJXUH(YROXWLRQRI(PLQDVDIXQFWLRQRI&2PROHIUDFWLRQLQWKHIHHGGLIIHUHQWFRPSUHVVLRQ
VWUDWHJ\DQGPHPEUDQHVHOHFWLYLW\α DQG

,Q ILJXUH  RQH FDQ REVHUYH WKDW ORJLFDOO\ WKH UHTXLUHG PHPEUDQH VXUIDFH LV YHU\ KLJK IRU
YDFXXPSXPSLQJVWUDWHJ\ FRPSDUHG WR IHHGFRPSUHVVLRQVWUDWHJ\ D IDFWRURI  LV DWWDLQHG
7KDW VXJJHVWV WKDW WKH XVH RI IHHG FRPSUHVVLRQ ZLWK (QHUJ\ 5HFRYHU\ 6\VWHP (56
FRQILJXUDWLRQ RIIHUV WKH EHVW SHUIRUPDQFHVZKHQ HQHUJ\ UHTXLUHPHQW DQGPHPEUDQH VXUIDFH
DUHD DUH ERWK WDNHQ LQWR DFFRXQW 0RUHRYHU LW FDQ EH VHHQ WKDW PRUH VHOHFWLYH PHPEUDQH
UHTXLUHVKLJKHUPHPEUDQHVXUIDFHDUHDWKHHIIHFWEHLQJPRUHLPSRUWDQWZKHQLQOHW&2FRQWHQW
GHFUHDVHV

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
)LJXUH(YROXWLRQRIPHPEUDQHVXUIDFHDUHDDVDIXQFWLRQRI&2PROHIUDFWLRQ LQ WKHIHHG
7ZR FRPSUHVVLRQ VWUDWHJLHV LQ WKH PHPEUDQH XQLW α   EROG OLQH PHPEUDQH &2
SHUPHDQFHLVIL[HGDW*DV3HUPHDWLRQ8QLW*38


)LQDOO\ILJXUHWULHVWRJLYHDWHQWDWLYHSURFHVVVHOHFWLRQPDSIRUSRVWFRPEXVWLRQ&2FDSWXUH
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,QOHW&2 PROHIUDFWLRQ[LQ
+\EULGSURFHVV
PHPEUDQHFU\RJHQ\
6LQJOHVWDJH
PHPEUDQH SURFHVV
0($
$EVRUSWLRQ
SURFHVV
6WDQGDUG0($DEVRUSWLRQSURFHVVǇсϬ͘ϴϱ

)LJXUH$VFKHPDWLFSURFHVVVHOHFWLRQPDSIRUSRVWFRPEXVWLRQ&2FDSWXUHDVDIXQFWLRQRI
WKHLQOHW&2PROHIUDFWLRQ0HPEUDQHVHOHFWLYLW\ &2SXULW\\! DQGWRWDOUHFRYHU\
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UDWLR5! )UDPHGSURFHVVHVFRUUHVSRQGWRWKHPRUHHQHUJ\HIILFLHQWSURFHVVIRUGLIIHUHQW
[LQUDQJHV

2QHFDQUHPDUNWKDWWKHK\EULGSURFHVVHIIHFWLYHO\LPSURYHVWKHHQHUJ\HIILFLHQF\FRPSDUHGWR
D VWDQGDORQH FU\RJHQLF SURFHVV 7KH SHUFHQWDJH HQHUJ\ GHFUHDVH VLJQLILFDQWO\ LQFUHDVHV IRU
ORZHULQOHW&2PROHIUDFWLRQV)RUFRQFHQWUDWHG&2LQOHWFRQWHQWLH!DVLQJOHVWDJH
PHPEUDQHSURFHVVLVWKHPRUHHQHUJ\HIILFLHQWSURFHVV2QHFDQUHPDUNWKDWIRUYHU\GLOXWHG
&2FRQFHQWUDWLRQLHDPXOWLVWDJHPHPEUDQHSURFHVVLVQHHGHGLQRUGHUWRDWWDLQWKH
&2SXULW\\ DQGFDSWXUHUDWLR5 >@

&RPSDUHG WR WKH 0($ DEVRUSWLRQ WHFKQRORJ\ WKH K\EULG SURFHVV RIIHUV LPSURYHG HQHUJ\
SHUIRUPDQFHVIRU&2LQOHWFRQWHQWUDQJLQJEHWZHHQDQG7KLVFRUUHVSRQGVWRDODUJH
SURSRUWLRQRIHPLVVLRQVRXUFHVVXFKDVFRDOSRZHUSODQWIOXHJDVHVIRUWKH ORZHUUDQJHDQG
R[\JHQ HQULFKHG DLU FRPEXVWLRQ IRU WKH XSSHU UDQJH 7KH K\EULG SURFHVV LV KRZHYHU WRR
HQHUJ\LQWHQVLYHIRUD&2FRQWHQWORZHUWKDQVXFKDVQDWXUDOJDVWXUELQHH[KDXVWJDVHV
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